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Alleviation effect and mechanism of exogenous potassium nitrate and salicylic acid

on the growth inhibition of Pinus tabulaeformis seedlings induced by deicing salts
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Abstract: Large quantities of deicing salts are applied in urban areas for clearing the pavement and ensuring the normal
traffic flow during the winter seasons in northeastern China. The salt from deicing operation has been observed to accumulate
in roadside soil and inhibit the growth of vegetation. It was reported that the application of exogenous K* and salicylic acid
(SA) could protect plants against abiotic stress. In this study, pot experiments were performed in soil culture to test the
efficacy of two soil additives, potassium nitrate (KNO,) and SA, in alleviating the stress of deicing salts on growth and
photosynthetic parameters of Pinus tabulaeformis seedlings. Three soil additive levels were used i. e. 10, 20, 40 mmol/L

for KNO, and 2, 4, 8 mmol/L for SA | respectively, under the stress of 0.2% deicing salts per dry weight of soil. After the
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treatment for 20 days (d), relative water content, leakage rates of electrolyte, malondialdehyde ( MDA ), peroxidase
(POD) and chlorophyll content in leaves were determined. Dry weight of roots, stems and leaves were measured
respectively after 60 d of treatments. Three important parameters of photosynthesis, photosynthetic rates ( Pn) , intracellular
CO, concentrations (Ci) and stomatal conductance ( Gs) were measured every 7 d until 35 d.

The results showed that the growth of seedlings was inhibited significantly by the stress of 0. 2% deicing salts. The dry
weight and relative water content of roots, stems and leaves under 0.2% deicing salt stress were decreased significantly in
comparison with the control seedlings. The leaves of Pinus tabulaeformis were more sensitive to the stress of deicing salts
compared with roots and stems. However, the treatment of 20 mmol/L KNO, and 2mmol/L SA to 0.2% deicing salts had
high dry weight and water content. Meanwhile, the MDA content and leakage rates of electrolyte increased once exposure to
0.2% deicing salts, and salts exposure also had an inhibitory effect on the activities of the POD. However, with the
addition of 20 mmol/L KNO, and 2 mmol/L SA, the high stability of membrane was improved by promoting the POD
activities, with decreasing plasmalemma permeability and MDA content in leaves. On the other hand, the contents of Pn,
Ci, Gs and the chlorophyll all decreased in the Pinus tabulaeformis seedlings by the treatment of 0.2% deicing salts. The
addition of 20 mmol/L KNO, significantly increased photosynthetic rates from 5.77% to 20.6% with the prolonging of the
exposure time. However, other treatments were found no obvious alleviation effect. It was also found that the contents of Ci
and Gs remained unchanged in leaves of Pinus tabulaeformis seedlings in all alleviation treatments, but the enhancing of
chlorophyll contents played a key role in maintaining the leaf photosynthetic rate under the treatment of KNO, and SA. The
results indicated that the salt tolerance of Pinus tabulaeformis seedlings was improved by using soil additives of 20 mmol/L

KNO, and 2 mmol/L SA. Exogenous K" and SA showed strong benefits against deicing salts—induced negative symptoms.

Key Words: Pinus tabulaeformis; deicing salts; salicylic acid; peroxidase; malondialdehyde; photosynthetic

characteristics ; alleviation effect
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ARSI R S 7R Y 0 T A i A FL I AR R 14 2 A RO 5 LB (B S 4T - A

WE5E 2201 35 B0 BE SN K AU B3R  salicylic acid, SA ) 625380 R4 66 2 I 00 A6 FL 5 8 A F
FHEEEE S IAAMNE KT BesE i 0 A % Na® AW, G2 A o Wk B RS B R I i AR s
WFFE T AMFE K 7K 7K e &1y T k14 1 52 i, 45 SRR B KM AR TR/ 5 40 5L Na' /K" LU (BT 56 5 BEAR AP S
Na'/K* L, BEA | TR AT KW, AR R N RS 2 1Y Na®™ /K" L, 22 NaCl B8 XHE P A 1 i 52 , (5
20 K FFEAR A AE K . SN SA W] RE @ 1 4555 SOD Hl POD A5 M 42U R R 40 B 1078 M, Wi BR IR A
1 22 TP A RIS 1o SR AR T | s 40 ) AR, S5 20 G ik s e &y v 2B R AR PR L sk
IHAET R R A 4R 0.1 ¢/L SA F10.2 /L P VCARAE 5 4L m /N2 R T R ZF R & 28 BOm
TG 148 5, DL R Ay e e R T 5 K BRI i R B RS0 M, 2 8 4 i R P R ARk ) 1 4K T ( superoxide
dismutase,SOD) . 1 % b ¥ B ( peroxidase, POD ) %5 41 il £ 4 B %) 36 P, 0 /b B g o B Ak 7= 8
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( malondialdehyde ,MDA ) (L2, Khodary' "™ #Z38 , £5 Wil 405 F SA AbFEAEHE & TR Mtk v, vl Ak ik
REENIR S e fiR K L& WS, 76 Nazar 2517 g B 52, SA 1 5 15 5 i R 18 J5L B ( nitrate
reductase,NR) H1 ATP #iBR1LEE ( ATP-sulfurylase , ATPs) PTG I , 2% i 2% 40 SR 0E 5 1 A6 SR R )
A/INFEE %3 200 mmol/L NaCl ik 4644 F , A 1 mmol/L SA A]fifi & FE 9 15 37 (19 2 R4 SOD il POD
TEPERG N, 43 0 B A ER P A FRAY 1. 11 F5F0 1. 25 £5 SR IR 2. 46 5 A0 1. 80 %, B it Ak MDA &
TN B AR T AR W Ab B AR AR Y SA FR Rl o SR FAER AR A T AE R

AL (Pinus tabulaeformis ) 5238 FE A6 7 IR i 32 22 1) MRER UM Pt 2 — | HLAT 858 s 1) A4 A5 O 47 el i £k
ML, 350472k P 3R T 7 T A 790 e 5y (AR R VI AA S T R IR AR R AR H T E AN e
FIXHAE ) A K S A B A SERF ST b B A0 e AR K SA X AR ) 32 300 1) 2 it 3500 5 L BRI 5% 14 oK DL 4
W, A, ARSI A2 E R F A R, AR KFD SA XM S v Az KA ] B A T, A3 BT R S I A R
AN KT SA Xl AR R R AT KR MDA i RIS E POD 16 M AR R i U ROE A RS
A PRAE AR RZ A, AR AN K HT SA 762 il 25 706 iR 20 1 A8 BB ol v R 38007 6 3R, R Ab 2 il 25 74
175 G B A AR
1 MREAZE
1.1 Rk

ST HVETE R B AT VA VD AR 2SS I 0 (42°13N, 1220227 E) | ik B6 T2 S B 114 ] ke =X A v
AT o B 2 AE A RS FH B TR AL ( Pinus tabulaeformis ) B AT P48 30em, (5 25em W ERHER P, B A28 KT
W Ske, 7E ARRETAK 3 MAE(HABKE IEF LK)  EHERKS—SU0IEF A T8 L8R5,
RIS FH I FHVE F 7 X = 3R A BR A Rl A = B SR 7], B2 T (g/kg) MK 11.2+2.9(H{EH =
FRfEM 2 ) ;Ca® 67.8+4.3;Na™ 68.2+2.2; Mg*" 41.3+0.2;Cl” 395.9+2.5;F 10.320.8;50% 69.3+12.9, %
P 1 BT R E S F) R KNO, FIUKRR (SA) A BRI , B 45— U ERE IAL PR ¥ 200 mL, L2
BFARE R I8 RRAL B E 3 B (3 BRI A) .

F1 KWEITAR
Table 1 Design of the treatment

AbFH Treatment W JE Concentration i F & Volume
H,0 CK LTk 200 mL
A E5 7] Deicing salts Tl 0.2% (AT H i [ 40 bk I) 200 mL
KNO,+0.2% Rl 57 T2 KNO; 10 mmol/L 200 mlL.
KNO;+0.2% deicing salts T3 KNO; 20 mmol/L 200 mL
T4 KNO; 40 mmol/L 200 mL
IKAAR+0. 2% AT T2 SA 2 mmol/L 200 mL
SA+0.2% deicing salts T3’ SA 4 mmol/L 200 mL
T4' SA 8 mmol/L 200 mL

1.2 MEFRbRS Tk

AEFRE] 20d B ECICHG HRFE  JCAE R BE AU A RO D RE T -, T R G R A [
PEAT A A AR AR AN S o SRR 200 5 v AR 3 KR P AR L S BR b sk e MDA i Bk
P e R T S 5 1 2 AR B I G POD TR PR AN I E g R A Y b
FHF] 60d BPIFHE 25 I &EBAMZE 105°C A3 H 15 min 70°CHE T B E 4 Wi . J6aVE e 0 A 3 5 45
B 7d T 9:00—11:30 R H Li-6400 EH#ELEAME R SE (Li- 6400, USA) #HATEE S BN IE . I E B
TR, 2 IR (25 1) °C, MIXFREEE R 30% —50% , CO, ¥ FETE H AR 514 F 294 (30045 ) wmol/mol,
T Li- 6400 £L GBI R LR RIS BOEAR S, 25 M H N 0.5 L/s, fH 8 S HGR B (PARD) i 1800
pmol -m*s™" o ME FRAL AL A7 (N TIFRSERSE 3 )20 R ) o WG A (Pn) SALFIE(Gs) (AHHEIR]

http ; //www. ecologica. cn



14 48] SR AR AN K KA IR A 22 ik Bl 5 500 X R A0 i 2 A ] e 2800 5 LB 4303

Bt CO, MREE(Ci) HOLEME R Bt . MEHEE 6 I, O 4L,
2 #R
2.1 AMIE KR SA XS 7R E T JhAS Az 1 B SRR XS B 7K R A 52 e

0. 2% W& B 1) 1l 25 700 XTI AR ) B A AR L 25 SRR T E A WE L (P<0.05) , 43 5 HE X BRCR R T
43.6% 43.5% A45.7% F144.0% (3 2) , AT UL 5% @il =5 750 36 AE 6 B8 R SUs— 28 0 7811 20 mmol/L KNO,
I AR A Rl i A R T B FIAR T E ARSI (P<0. 05) ,20 mmol/L KNO, 4B R AR T 5 FL 0. 2% il =5 571
AEFR(TL)HEH1 T 24.9% , 17 10 mmol/L 140 mmol/L KNO, XF A4 # AL 2 AL #A/EH . 2 mmol/L
F14 mmol/L SA AbBEAIKR T B T T1 Ab3, H 2255 3 433N T 63. 61% F148.45% , H it v FIZE i1
F RN, P 2 mmol/L SA AbFRAYRE T B SR TE A G 1M 8 mmol/L SA AbSAIE T HA TR T
3.93% fHZERAREE ., 0. 2% Rl S 76 AN R E KR B A RIAVE T, SXT AL TR T 22.11% ., 20
mmol/L KNO, XHMAA F &K KA W E ML HVE , Fb T1 AbFREE N 18. 04% | M4 SA AL BRXFZh i ik Fr &5

F2 SMNE K*A0 SA XTREE FIBME Tl M ERRIAEX S KRR 00

Table 2 Effect of exogenous potassium and SA on dry weights and water content of Pinus tabulaeformis under deicing salts stress

Ab P it £ Ui T H [ ) & S
Treatment Leaf/g Stem/'g Root/g Total/g Water content/%
CK EBTFK 67.3+3.6a 32.6+5.8a 28.1%2.3a 128.0+4. 6a 61.0%2.3a
T1 0.2% A7) 38.0=+1.2¢ 18.4+1.3b 15.3+0.2b 71.7+2. 3¢ 47.5+1.1¢c
T2 10mmol/L KNO; +0. 2% fi %5 7] 37.2+0.7c 17.9+2.2b 17.4+0.8b 72.5+1. 8¢ 47.9+1.8¢
T 20mmol/L KNO; +0. 2% 355 45.4+4.7b 24.6+2.0ab  19.5+2.9b 89.5+8.3b 52.0x1.4b
T4 40mmol/L. KNO, +0. 2% fi 55 5 26.9+0.4d 14.2+0.7b 14.6+2.1b 55.7+1.8d 42.3+1.0d
CK EKETFK 67.3+3.6a 32.6+5.8a 28.1+2.3a 128.0+4.6a 61.0+2.3a
Tl 0.2% 5 38.0+1.2b 18.4+1.3b 15.3+0.2b 71.7+2.3¢ 47.5+1.1b
' 2mmol/L SA+0. 2% fl &5 67.3+5.6a 29.3+1.0a 20.8+2.2ab  117.3+3.2ab 46.1+2.0b
T3’ 4mmol/L SA +0. 2% Bl %5 7 64.7+3.0a 26.2+2.3a 15.5+1.5b 106.4+2. 6b 42.1%1.1¢
T4’ 8mmol/L SA +0.2% fih 57 30.3+3.5b 23.0+2.3ab  15.6+0.9b 68.9+4. 8¢ 40.4+3. 8¢

AR B FAE 7R CK—T4 AN [ 42b B A) FT CK—T4 ' A ) b 34 6] 25 57 3% 1 7K (P<0.05)

KRR A B2 “ - ©
S— ot s o r -m- MDAK') —A- HEEKY .
2.2 ANJE KT SA X Rl 50 aa R Il AS MDA A —0- MDA(SA) —&— HLE:H(SA) i

36 | 136 £

40 M 32 P ) R = 2
0.2% B AIMA T AFAGY I AGI e MDA S ikFn 2 [ NN 1 .2
DR HL SR R (1) . 55 0.2% TR 3 7 i>x§ 1 as
HIEL 10 mmol/L 1120 mmol/L KNO, ZbJHE) MDA #1t &5 2 _—* z;% 1 EE
SRR T 2. 8% 1 21. 3% , Tiif 40 mmol/L KNO, Ab 34 é 20 / M I
9 MDA S 31 0 T 11.5% ., 2 mmol/L Al 4 mmol/LL 161 5 fie 3

12

SA ALSEAYLYEI S MDA S RPSITRE T 20,60 F1 12
16.3% . FHXF ML 5 Ay B # 5 MDA —3(, 5

0. 2% flE FIALFEAH 20 mmol/L KNO, Ab B (1 AH X H, . _ o - _
SREETT 8. 8% .2 mmol/L SA Ab I AT i 5 ;B;;’]?j];]ﬂ?K 0 SA Xt Eh E I BME T M2 MDA & 2 140 i f% 1%
KT 3.7% , @58 FRM, —E WA KNO, 1 SA HF  Fig.1 Effect of exogenous potassium and SA on MDA content
WAL ok A M 1 IR TN ok S AL SR A B frg el permebility of cell membrane of Pinus tabulacformis under

deicing salts stress
. . _
¥, JFALL 20 mmol/L KNO; 12 mmol/L SA ZEFRIULE  ck.1,0,11.0. 29 fi 515 T2:0. 26 T 31+ 10 mmol/L KNO, ;
eSSyl T T3:0.2% B 5420 mmol/L KNO; ;T4 :0. 2% Bl Z 31 +40 mmol/L
KNO; ;T2":0. 2% fl % 3+ 2mmol/ L SA; T3’ 0. 2% fili %5 7 + 4mmol/
L SA;T4":0.2% Rl = 7 +8mmol/L SA

b PR Treatment
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2.3 AMJE KEFSA XL FMA T IHAS POD 4 152 i

0. 2% W R RS FRHmAS POD & A 1 A HI/EH (&1 2) ,10 mmol/L 20 mmol/L KNO, F12 mmol/
L SA AbERA 4T 9 POD TGP 430 e T1 AL BR3E TN 4. 4% 7. 5% F1 6. 3% , H:H 20 mmol/L KNO; il 2
mmol/L SA ALY POD %1 B 2 1440, 1M 40 mmol/L KNO, 14 mmol/L .8 mmol/L SA XHH#AR POD 1% 1A
2 BAMEIVE I (P<0.05) . FRIH—E W AN ER AN SA #2155 T B S5 FI A 44 N POD B 035 P | AN [R) F2 E
I T IMAA S B a1
2.4 HMJE KTFISA XF RS I M E T A SR R R A

0. 2% M BE ARl 5 70 A BT 2 38 o A D R A R VE T (BT 3) o AN [R] R BE A 8 60 0T il 5 50 3 4%
PEF SRS A, A 10 mmol/L KNO, AbFE 41 M4 K & A B FIF (HEE S AR BE (P>
0.05) ,20 mmol/L KNO, ZbHH & 42 7 4l i 44 2 & i 40 mmol/L KNO, AZbFR I X5 4y i iy it R 3
AMHAVER . 2 mmol/L SA ZEFRAYLI M Fr Byt 4 2 & Sl = T T1 A3 (B RCRIFA B3 (P>0.05) ,
1M 4 mmol/L 1 8 mmol/L SA AbFEAYL T R A4 3R & 2R T T1 Ab3, R MR B2 1 SA X4l it i
2 28 1 SO P A A RIE ]

120 - 4.0 -
KNO; SA
=100 BT
E > 30 L
= 80 d E
& N mm\a 25 L
a2 60r \ — S 20|
5< \ i =
gz oteses = c
= oS =9 15 1 30
£ o4q0f \ RS & 28 d
g \ RS 5 1S g .
\ o = 10 [ o
[a) 2020 QRKS
S \ 5 S S5
e 2t \ X 58
\ K555 0.5 3
5
A = 0 K

CK Tl T2 T3 T4 CK T1 T2' T3' T4
b PR Treatment

B2 SME K1 SA 3RS FIME TimfL POD & HI#200

Fig. 2 Effect of exogenous potassium and SA on POD activity of
Pinus tabulaeformis under deicing salts stress

CK:H,0;T1:0.2% Rt 57 ; T2:0. 2% @l % 5 +10 mmol/L KNO; ;
T3:0.2% 3 +20 mmol/L KNO; ;T4 :0. 2% flt % 7] +40 mmol/L
KNO; ;T2 0. 2% il %5 ) +2mmol/L SA ;T3 ;0. 2% fifi &5 71 +4mmol/

L SA;T4’:0.2% Rl 5 5] +8mmol /L SA

T2 T3 T4

CK TI' T2
Kb FE Treatment

T3' T4'

3 SME KTF0 SA X RS FIAME TiHAM RE S ENHMm

Fig. 3

Effect of exogenous potassium and SA on chlorophyll

content of Pinus tabulaeformis under deicing salts stress
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Fig. 4 Effect of exogenous potassium and SA on net photosynthetic rates ( Pn), intracellular CO, concentrations ( Ci) and stomatal

conductance ( Gs) in the leaves of Pinus tabulaeformis under deicing salts stress
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